DNA colony hybridization was found to have a high generic and strain specificity for Rhizobium trifolii. We have assessed the use of this technique to determine occupancy of nodules by strains of Rhizobium and found that its high degree of specificity allowed successful identification of rhizobia from nodules. Other techniques currently available for determining the Rhizobium strain involved in forming a particular nodule lack specificity or interfere with symbiotic capabilities of the rhizobia.
INTRODUCTION
It is due to the symbiotic relationship with Rhizobium, the root-nodule bacterium which fixes atmospheric nitrogen, that legumes are often able to fulfil their own nitrogen requirements and thus require the addition of little or no nitrogen fertilizer. Where these fertilizers are too costly, legumes are of substantial benefit both in producing food and in adding to the soil nitrogen that can be used by succeeding crops (Lowendorf, 1980) . However, nodules are often formed by nonfixing or less efficient strains of Rhizobium that lower the overall capacity of the nitrogen-fixing process (Date & Brockwell, 1978) . It is therefore very important, when considering maximization of nitrogen fixation, to have a technique to identify the strain of Rhizobium present within a nodule.
Techniques to determine nodule occupancy include the fluorescent antibody, enzyme linked immunosorbent assay (ELISA) and antibiotic resistance-marking of strains. The immunological techniques suffer from a number of limitations, including cross-reaction and non-specific binding (Bohlool & Schmidt, 1980; Beynon & Josey, 1980) . Antibiotic resistance also has its limitations as the mutation conferring resistance may alter symbiotic capabilities and may also be lost through genetic exchange with natural populations of rhizobia (Schwinghamer & Dudman, 1973) . Grunstein & Hogness (1975) introduced DNA colony hybridization to detect specific plasmid DNA sequences in colonies formed on filters, Since then, this technique has been widely applied to screen for sequences in recombinant DNA studies. We have used the technique to identify Rhizobium from nodules and believe that it overcomes many of the limitations associated with the techniques mentioned above.
Isolation of Rhizobium from nodules. For filter A (Figs 5 and 6) a nodule from subterranean clover (Trifolium subterraneurn) inoculated with the ineffective strain Rhizobium CB782, was washed, squashed and serially diluted to in sterile 0.9% saline. Dilutions were spread on to nitrocellulose filters (Schleicher & Schull BASS) and placed on to yeast mannitol salts agar. The colonies on filter B (Figs 5 and 6) in this experiment were derived from a plant inoculated with strain CB782 and the effective strain CC241.
DNA colony hybridization. The methods of in situ lysis, nick translation and colony hybridization are as described by Grunstein & Hogness (1975) but differ in that: bacteria were inoculated on to a filter and placed on yeast mannitol salts agar, incubated at 29 "C for 2 d and lysed with 3 mg Protease IV ml-I (Sigma) for 1 h at 37 "C; the filter and DNA probe were sealed in a plastic bag with a solution of 4 x SSC (standard saline citrate : 0.15 M-NaCI, 15 mM-sodium citrate pH 7-2), 40% formamide and 0.1 % SDS and held in a water bath at 57 "C overnight (melting temperature of DNA, T, , approximately -20 "C) and after incubation washed in 2 x SSC and 0.1 % SDS, air dried and then exposed to X-ray film.
DNA from the Rhizobium strain selected as the probe was purified as follows: 100 ml of yeast mannitol salts broth was inoculated with a loopful of fresh culture and incubated on a rotary shaker at 24 "C for 2 d. The suspension was centrifuged and the pellet resuspended in 20 ml TES (0.05 M-Tris/HCl, 0-02 M-EDTA, pH 8.0). After a second centrifugation the pellet was resuspended in 8 ml of TE8 and, after adding 1.0 ml Protease IV (5 mg ml-l) and 1.0 ml of 1.0% SDS, was held at 37 "C for 1 h. After the Protease/SDS lysis, an equal volume of Tris-saturated phenol was added and the phases mixed for 10min. After centrifugation, the top phase was removed and mixed with an equal volume of Tris/phenol. After the third extraction, the final top phase was dialysed against Tris/EDTA (10 mM-Tris, 1.0 mM-EDTA) at 4 "C overnight. The DNA content was estimated at 260 nm on a spectrophotometer. Sodium acetate to a final concentration of 0.3 M and 2 vol. 95 % ethanol were then added. This was held at -20 "C overnight and then centrifuged at 5000 r.p.m. for 10 min. The resulting DNA precipitate was resuspended in Tris/EDTA to a final concentration of 2 mg ml-l. Approximately 4 pg DNA was nick-translated and the activity (32P) of all probes was measured"bn a Packard PL Tri-carb Liquid Scintillation Counter. Incorporation ranged from 4.5 x lo5 to 6-0 x lo6 c.p.m. (pg DNA)-'.
In these initial experiments, the stringency requirements for strain differentiation were not known, the first hybridization was therefore conducted under low stringency conditions that is, 57 "C overnight (T, approximately -20 "C). Filters were then exposed to X-ray film to establish whether greater stringency was required for strain differentiation. Those filters with strains that required greater stringency were then held at 70 "C in 0.1 x SSC and 0.5% SDS (T, approximately -10 "C) for 1 h to reduce the amount of non-specific hybridization (Wetmur, 1976) and then re-exposed to X-ray film overnight.
RESULTS AND DISCUSSION

Generic specijicity
To determine if DNA colony hybridization could be used to identify Rhizobium strains in the presence of other bacteria, colonies of Rhizobium trifolii strain CB782, R . trifolii strain RCR228, R. trifolii strain RCR49, R . trifolii strain CC241, Pseudomonas jluorescens, Agrobacterium tumefaciens and Escherichia coli were grown on a filter and then probed with 32P-labelled DNA from Rhizobium strain CB782. The filter was air dried and exposed to X-ray film for 4 h. After the first exposure, the filter was held at 70 "C (T, approximately -10 "C) for 1 h and then reexposed to X-ray film overnight. The only colonies showing DNA hybridization were those of strains CB782 and RCR228 (Fig. 1) . These results indicated that these two Rhizobium strains could be distinguished from the other strains of Rhizobium and the other bacterial species. The hybridization between the probe DNA (strain CB782) and strain RCR228 suggested these strains were closely related, although obtained independently from different laboratories. Drs J. Brockwell and J. Beringer (personal communications) confirmed that CB782 was a synonym for strain RCR228. A similar experiment (data not shown) showed no hybridization between *P-labelled DNA from Rhizobium strain CB782 and DNA from Paracoccus denitrijicans, Micrococcus luteus, Arthrobacter globiformis, Bacillus sphaericus, B. licheniformis, B. pumilus, Agrobacterium tumefaciens, Streptomyces griseus, Kurthiu zopfii, Erwinia carotovoru and P . jluorescens. This lack of cross reaction between Rhizobium and other bacteria indicates the high generic specificity of this technique.
Strain specijicity
The ability of this technique to distinguish between strains of Rhizobium was determined when duplicates of eight different strains of R. trifolii were hybridized against DNA from DNA hybridization to identifv Rhizobium 209 Rhizobium strains CB782, 4R10, TA1, T15, RCR35, X84 and R0611. The filter to which the CB782 DNA probe was added (Fig. 2 ) was held at 57 "C overnight (T, approximately -20 "C), then exposed to X-ray film for 8 h. Filters to which all other probes were added were treated as above but, after the first exposure to X-ray film, were held at 70 "C (T, approximately -10 "C) for 1 h and then re-exposed to X-ray film overnight (Figs 3 and 4) . The results summarized in Table. 1 were classed as indistinguishable when hybridization was the same intensity as the homologous control, distinguishable when hybridization was visible but obviously lower intensity than the homologous control, and no reaction when a light shadow or no shadow was visible. Rhizobium strain 4R10 DNA had no reaction with strains CB782, RCR35, X84, R0611 and Su61 and was distinguishable from strains TAl and T15 (Table 1 and Fig. 3) . Rhizobium strain X84 DNA had no reaction with any of the non-homologous strains (Table 1 and Fig. 4) . In a few cases, the probe/filter reaction (e.g. T15 probe vs TA1 on the filter) was not the same as the reciprocal reaction (i.e. TA1 probe vs T15 on the filter). These discrepancies could be due to variations in DNA binding, the size of colonies or activity of the probes and should, in an experimental situation, be controlled by appropriate known strains included on each filter. A number of strains were found to be indistinguishable, for example T15 and RCR35. For this reason selected strains would have to be screened to determine whether they could be distinguished by this technique, prior to use in experimental work. Positive controls on all filters would serve as references for assessment of an homologous reaction. However, the majority of strains used in these experiments were distinguishable using this technique and this demonstrates its high degree of strain specificity. This is in contrast to the results from similar experiments in which the ELISA technique was used to differentiate Rhizobium strains, widespread cross reaction made interpretation of the results difficult (unpublished observations).
Isolation of Rhizobium from nodules
To determine whether DNA colony hybridization could be used to distinguish between strains of Rhizobium isolated from nodules, colonies grown on filter A (Figs 5 and 6) were derived from a subterranean clover plant that had been inoculated with the ineffective strain Rhizobium CB782 and those on filter B (Figs 5 and 6 ) from a plant inoculated with strain CB782 and the effective strain Rhizobium CC24 1. Ineffective and effective nodules were clearly distinguishable by size and colour. The filters were first probed with 32P-labelled DNA from strain CB782 at a T,,, of approximately -20 "C and exposed to X-ray film for 8 h (Fig. 5) , then probed with 32P-labelled DNA from strain CC241 at a T, of approximately -20 "C and exposed for 10 h (Fig. 6) . Only those colonies on filter A (representing 4 x lo5 rhizobia in the nodule) hybridized significantly with CB782 DNA and only those on filter B (representing 15 x lo5 rhizobia in the nodule) hybridized significantly with CC241 DNA.
These results indicated that the plant inoculated with both strains formed its nodule with Rhizobium strain CC241, which was consistent with the characteristics of the nodules present on this plant. This experiment shows that the technique of DNA colony hybridization can be used to identify rhizobia from nodules.
These experiments have shown that the technique of DNA colony hybridization can be used to identify rhizobia in mixed bacterial populations and also identify specific Rhizobium strains in the presence of other rhizobia. However, because some of the strains were indistinguishable due to cross hybridization, preliminary screening of strains would be required prior to experimentation. This technique can be used to process many samples simultaneously and does not require any specialized equipment and we suggest that it may be useful in many situations where bacterial species or strains have to be identified in mixed populations.
